Purpose: To determine whether internal limiting membrane (ILM) peeling during pars plana vitrectomy for rhegmatogenous retinal detachment reduces the incidence of epiretinal membrane (ERM) formation.
F ormation of epiretinal membrane (ERM) with resultant macular pucker is one of the most common sequelae following vitrectomy for rhegmatogenous retinal detachment (RRD). 1 The Silicone Study Group 2 reported that macular pucker occurs in 15% of eyes after successful pars plana vitrectomy (PPV) for retinal detachment that is complicated by proliferative vitreoretinopathy (PVR). Recently, the incidence of ERM after repair of RRD with PPV alone was estimated to vary between 6% and 13%. 3, 4 These membranes occasionally limit the functional outcome, cause metamorphopsia and, if symptomatic, require additional surgical intervention.
The pathogenesis of ERM in a vitrectomized eye following RRD differs from that of idiopathic ERM. In the former, retinal pigment epithelial (RPE) cells migrate toward the vitreous cavity through a retinal tear and proliferate on the surface of the macula, forming a membrane. In the latter scenario, RPE cells migrate via microbreaks in the internal limiting membrane (ILM) that occur during posterior vitreous detachment (PVD) and proliferate on the surface. 5 Although the role of PVD is central to the formation of both primary (i.e., idiopathic) and secondary ERM, the role of ILM in the etio-pathogenesis of secondary ERM after RRD surgery is unclear. It is believed that ILM corresponding to the basement membrane of Müller cells provides a sort of scaffolding for cells that build an ERM. If this were true, elective peeling of ILM at the time of PPV for RRD repair would reduce the incidence of ERM and macular pucker. This has been shown previously by Nam et al, 1 Aras et al 6 and Rao et al 7 who found no ERM formation in any of the eyes that had undergone PPV with ILM peeling for RRD. However, one must note that ILM peeling can be extremely challenging in a detached retina and especially in a detached macula. In view of the surgical challenge, inadvertent trauma during peeling in eyes with good visual potential may offset the potential beneficial effect of preventing future macular pucker. Many other factors such as coexistent PVR and vitreous haemorrhage are believed to predispose to ERM formation after repair of RRD. 8, 9 These may in turn act as confounders when we assess the beneficial effects of ILM peeling. Hence, adjusting for confounders is necessary before recommending ILM peeling for all routine cases of RRD to prevent postoperative ERM formation.
We performed a retrospective, masked study to determine the differences in rate of ERM formation between eyes that underwent ILM peeling during PPV and those that were not subjected to ILM peeling.
Materials and Methods
The study followed the tenets of the Declaration of Helsinki; the institutional ethics committee of the parent institution approved the study. This was a retrospective, interventional study where retinal detachment surgeries performed by a single-surgeon (P.R.) at a tertiary eye care facility between January 2007 and December 2013 were included.
The case files were retrieved from the electronic medical records using the ICD-10 coding for retinal detachment. All eyes with primary RRD undergoing PPV for the first time with a minimum follow-up of 12 months were included in the study. Those requiring silicone oil tamponade were included only if there was a minimum period of 6 months after oil removal. Eyes with a history of combined rhegmatogenous and tractional detachment, trauma (that may have contributed to the RRD), past venous occlusive diseases, or with a history of uveitic episodes and the presence of ERM in the same or fellow eye were excluded from the study. In addition, patients with PVR greater than grade C-2 (full-thickness fixed retinal folds up to six clock hours) 10 and those who needed intervention for recurrent retinal detachment were excluded.
All patients underwent detailed ophthalmologic examination before and after the surgery. Examinations at every visit included best-corrected visual acuity (BCVA) using Snellen chart at six meters, intraocular pressure, thorough slit-lamp evaluation of the anterior segment, and fundus examination using indirect ophthalmoscopy and +90 D lens. Spectral domain optical coherence tomography (software version 4.0; Carl Zeiss Meditec, Inc, Dublin, CA) was performed for all patients at 12 months follow-up and images were drawn from the archives. All Spectral domain optical coherence tomography images were carefully evaluated by a fellowship-trained retina surgeon (P.D.) who was masked to the patient's details including BCVA, outcome of surgery, and status of ILM peeling performed intraoperatively. A clinically significant ERM was recorded when the macula was covered by a highly reflective band on Spectral domain optical coherence tomography with or without loss of the foveal contour and a macular thickness of $300 microns.
Surgical Procedure
All patients were operated with 23-gauge vitrectomy under peribulbar anesthesia. Three sclerotomies were fashioned at II, VII, and X o'clock positions. Surgery was performed using an Accurus Vitrectomy System (Alcon Laboratories, Fort Worth, TX) throughout the study period at a cutting rate of 1,500/minute to 2,500/minute and a suction rate ranging between 150 mL/minute and 400 mL/minute. A wide-field visualization system (Mini Quad XL; Volk Optical, Mentor, OH) was used. All patients underwent a complete PPV with complete cortex and peripheral base shaving with scleral indentation. In eyes without adequate PVD in all quadrants, the operating surgeon induced the PVD with the suction of the vitrectomy cutter or forceps and extended the PVD as far into the periphery as possible. Whenever indicated, combined operation of PPV with phacoemulsification was performed in the same sitting.
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Reprint requests: Purva Date, DNB, FVRS, Department of VitreoRetina, Aditya Jyot Eye Hospital, 502, Shiv sahyadri, Plot number 5, sector 42 Nerul (W), Navi Mumbai, Maharashtra, India, 400706; e-mail: drpurvadate@yahoo.in Brilliant Blue dye (Brilliant Peel, Fluoron, Germany) that was left in situ for 60 seconds under air tamponade. After washing away the stain, perfluorocarbon liquids were used to flatten the posterior pole, irrespective of the preoperative macular status. This aided the counter-traction required to pinch the ILM and facilitated peeling. The ILM was broadly peeled till the extent of arcades with 23 G ILM peeling micro forceps (see Video, Supplemental Digital Content 1, http://links.lww.com/IAE/A698). Laser photocoagulation was then performed on retinal breaks and the endotamponade was introduced. The endotamponade was chosen by the surgeon, based on the type of retinal detachment, on the location of break and on patient's expected compliance to maintain head positioning. We used 14% perfluoropropane (C3F8), 20% sulfur hexafluoride (SF6), or silicone oil (1,000 centistokes) for retinal breaks above the horizontal meridian and heavy silicone oil (Densiron 68 [Fluoron Gmbh]) for inferior retinal breaks. Sclerotomies were checked, and scleroconjunctival closures were applied whenever needed by bipolar diathermy or a single 7 to 0 polyglactin (Vicryl) suture. Patients were instructed to assume the appropriate head position and posture to support the retinal break.
Statistical Analysis
Continuous variables were expressed as mean ± standard deviation and/or median with interquartile range (IQR) and group differences were analyzed using student t test or Wilcoxon rank-sum test for variables that did not show normal distribution. Categorical variables were expressed as percentages and group differences were analyzed using chi-squared or fisher's exact tests. We performed univariate and multivariable logistic regression analysis to assess factors associated with ERM formation. In the multivariable models, covariates were chosen if the P value was ,0.1 in the univariate analysis or if there was sufficient evidence in the literature linking the covariate with ERM formation. Because of limited sample, separate models were set up to assess the association of ILM peeling with ERM formation. Outcomes of the regression were expressed as odds ratio (OR) with 95% confidence interval (CI). P values ,0.05 were considered statistically significant. All data were entered into Microsoft Excel and analysis was performed using STATA 12.1 I/c software (Fortworth, Texas).
Results
The mean age of the participants was 62.8 ± 11.2 years (range: 22-83 years, median = 64 years, IQR = 56-71 years) and 74 subjects were men (47%). Overall, 51 eyes (32%) had attached macula at the time of presentation, 12 (7.5%) eyes had PVR, 6 eyes (4%) had coexistent macular hole, 8 eyes (5%) presented with giant retinal tear and 15 eyes (9.4%) had vitreous haemorrhage at presentation. The preoperative visual acuity was 1.21 ± 0.7 logarithm of the minimum angle of resolution (log-MAR) units (median = 1.3 [20/400], IQR = 0.5-2 logMAR, range = 0-2 logMAR units) and 74 eyes were phakic at the time of presentation (47%). Eighty others were pseudophakic (50%) while five were aphakic.
All eyes underwent retinal reattachment surgery with PPV with intraocular tamponade using either silicone oil (35%), or densiron oil (33%), or nonexpansile gas (28%) (C 3 F 8 or SF 6 ) or air (4%). Encirclage buckle was used in eight eyes (5%) and surgery was combined with phacoemulsification and intraocular lens implantation in 74 eyes (47%). No intraoperative complications could be identified from the case records in any of the surgeries. In eyes with oil tamponade, the mean interval between vitrectomy and the removal of silicone oil was 5 ± 1 month. At 12 months follow-up, mean vision had improved to 0.6 ± 0.5 logMAR units (median = 0.5 [20/63] , IQR = 0.2-1 logMAR, range = 0-2 logMAR units) (P , 0.001, paired t-test). The mean follow-up was 16.8 months + 9.9 months (median = 12 months, IQR = 12-18 months) and ranged from 12 months to 102 months.
During retinal reattachment surgery, 78 eyes (49%) underwent ILM peeling based on the surgeon's discretion. Group differences between eyes that underwent ILM peeling and those that did not have peeling are shown in Table 1 . Eyes in the ILM peeling group had significantly more PVR and vitreous haemorrhage and had significantly more number of eyes with gas tamponade compared with those without ILM peeling. Postoperative vision was significantly better in eyes that had ILM peeling. Similarly, these eyes experienced significantly lesser ERM formation and their mean foveal thickness was closer to normal compared with those who did not have ILM peeling. There were no other differences in these groups including proportion of eyes with attached macula at the time of surgery. Table 2 shows differences in characteristics of eyes with and without ERM formation. Those with ERM had significantly fewer eyes that experienced ILM peeling.
Univariate analysis showed that the presence of PVR increased the likelihood of ERM formation by 35% (OR = 1.35, 95% CI = 0.3-5.3, P = 0.08) while using oil tamponade (OR = 0.60, 95% CI = 0.3-0.9, P = 0.03) and ILM peeling (OR = 0.22, 95% CI = 0.1-0.5, P , 0.01) reduced the likelihood of ERM formation (Table 3) . In multivariable models adjusting for tamponade, ILM peeling reduced the likelihood of ERM formation by 75% (OR = 0.75, 95% CI = 0.04-0.4, P = 0.01). In separate multivariable models, the presence of PVR was seen to increase the likelihood of ERM formation by five times (OR = 5.2, 95% CI = 0.9-26.9, P = 0.09), independent of ILM peeling; however, this relationship did not reach the predefined statistically significant limits (Table 3) .
Discussion
We compared the rates of ERM in eyes undergoing PPV for uncomplicated RRD with and without ILM peeling and found that ILM peeling reduced the likelihood of ERM formation and macular pucker by 75%. In addition, we also found that eyes that underwent ILM peeling had significantly better vision and lower central macular thickness compared with those that did not experience ILM peeling. Although we excluded eyes with advanced PVR, we found that the risk of ERM increases with the presence of early PVR as well.
Formation of ERM after successful vitreous surgery limits the functional outcome. We propose prevention of macular pucker formation by ILM peeling during the primary PPV for RRD, the rationale being that peeling of ILM completely removes all epiretinal structures including the basement membrane of Muller cells. RPE cells that are the primary culprits in ERM formation do not grow on the surface of cells; they need a basemembrane to grow. Therefore, removal of ILM theoretically precludes cells from formation of ERMs.
In our study, ERM developed in 32 of the overall 159 patients recruited (20.1%) with ERM observed in 31% in patients who did not undergo ILM peeling ( Figure 1 ) and in 9% of those who underwent ILM peeling (Figure 2) . Recently, Nam et al performed a retrospective study similar to this study, evaluating the outcomes of ERM in 135 eyes undergoing primary RRD repair. They found that 21.5% eyes that did not undergo ILM peeling developed ERM as against none of the eyes, subjected to ILM peeling. Major differences from our study were that Nam et al 1 reported results exclusively from eyes that had gas tamponade alone. In addition, Nam et al 1 show that ERM was much more common in eyes with horseshoe tears (57% vs. 33%) compared with those without such a tear. The lack of a regression analysis to decipher the significance of ILM peeling in the presence of a confounder (i.e., Horseshoe tear) and lack of eyes with silicone oil tamponade casts doubt on the conclusions. Similarly, Aras et al 6 studied the role of ILM peeling in eyes undergoing PPV for RRD with and without ILM peeling in 42 eyes and found a stark difference in the incidence of ERM formation again. However, this study differed from ours by the fact that all outcomes were reported from eyes having silicone oil tamponade alone. The rate of ERM formation was slightly lower than ours in the group that did not have ILM peeling (27%). The higher rate of ERM in our study could be explained by the fact that we defined the presence of ERM on OCT even if it did not affect visual acuity and may not have been obvious on slitlamp biomicroscopy. 4, 11, 12 In our study OCT images were graded by a masked retina specialist, who was oblivious to the clinical scenario. We found that postoperative vision was better and the macula looked closer to normal thickness in eyes that had ILM peeling. This was probably because of the stark differences in the rates of ERM between the two groups. We also found that the operating surgeon favored ILM peeling in eyes with more PVR and vitreous hemorrhage and used gas tamponade more frequently when he decided to peel the ILM. This can be explained from the fact that the Silicone oil study showed that ERM and macular pucker was more common in eyes with PVR, a fact that we show in our multivariable analysis as well. Similarly, Tanenbaum et al 8 and Uemura et al 9 have also showed that PVR significantly increases the risk of ERM formation. In such eyes, the ERM should be considered as extension of the PVR process involving the posterior pole, rather than resembling an idiopathic ERM.
Previous studies have reported successful closure of macular hole, enhanced resolution of macular edema in persons with diabetes and complete removal of ERM with ILM peeling. [12] [13] [14] [15] However, the surgical challenge in peeling the ILM in a detached retina, especially a detached macula is far greater than the scenarios mentioned above. The safety of prophylactic ILM peeling, without any macular lesion, is controversial. Complications such as retinal edema, eccentric scotoma, dissociation of nerve fiber layer, iatrogenic punctuate chorioretinopathy, subretinal, retinal, and vitreous hemorrhage are well described secondary to surgical trauma of peeling. 16 In addition, stain toxicity has also been documented. [17] [18] [19] [20] [21] Although we do not report any such complications after ILM peeling, the risk certainly exists, especially with a novice surgeon.
The advantages of our study are the single-surgeon experience and the relatively large sample size, good follow-up, and sufficient heterogeneity in variables (viz. tamponade used) to resemble the real word scenario and make meaningful comparisons; the drawbacks are the retrospective nature and the surgeon bias in selecting cases for ILM peeling. To eliminate further bias, OCT reports were graded in a masked manner by a different surgeon. However, despite masking and performing a regression analysis, our study is limited by the number of ERM cases to strongly establish a protective effect of ILM peeling in all cases undergoing PPV for RRD. However, we do see a trend of a greater beneficial effect in eyes with PVR and those undergoing oil tamponade.
In conclusion, we report a beneficial effect of ILM peeling in all cases of RRD undergoing PPV to minimize future occurrence of ERM, thereby resulting in better vision and preventing reoperation for ERM removal. Prospective randomized control trials with greater number of patients are required to establish the risk factors for macular pucker development and beneficial effects of prophylactic ILM peeling in all cases of primary RRD.
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